It is suggested that the chain polarity of native cellulose, cellulose I, is preserved in the course of the transformation to cellulose II by mercerization as a resonable interpretation of following results. The selective uniplanar orientation of (110) plane of original bacterial cellulose is maintained during and after mercerization to provide cellulose 11 pattern resulted in the preferential orientation. Furthermore, when the air-dried or never-dried spherulite of bacterial cellulose was immersed in 18% NaOH, the Maltese cross pattern and the color correlation are the same as those of the original. There are several other evidences for the same polarity of cellulose 1 and II. It was proved that cellulose triacetate (CTA) I can be formed by the heterogeneous acetylation of cellulose II as well as cellulose I when the swelling in the pretreatment media is low. It seems that parallel arrangement is not necessarily correct structure of CTA I. It is possible to transform CTA I to CTA II without any dissolving process but by a comparatively simple treatment with superheated steam. These mean that CTA I and CTA II have the same polarity in their crystal structures. The transformation of cellulose I to cellulose II through cellulose III, which is hydrolyzed by 20N H2 SO4 without disolution has been newly observed in the present study. Completely amorphous wood pulp decrystallized by the mechanical milling is recrystallized to cellulose II with water or 1% NaOH. It seems to be difficult to reverse the chain or to attain antiparallel arrangement from parallel one during the mechanical milling. On the other hand, the chain polarity problem has been solved by the direct TEM observation of LODP cellulose reacted with hydrazine. Characteristic microfibril of the LODP cellulose are observed with uniform width and length of about 200A and 2000A, respectively. In contrast with this, the reacted microfibril is long but has irregular pattern in shape. The possibility of antiparallel arrangement in ramie cellulose has been directly proved by the microphotographs.
Introduction
One big problem for cellulose remains unsettled; whether the chains within the unit cell of the microfibril have the same polarity (all oriented in the same direction) or they alternate in polarity as in the Meyer-Misch structure?
The fundamental difference between the structures of cellulose I and cellulose II has been the subject of debate for many years. Recent x-ray analysis on Valonia cellulose') has favored a parallel packing for the cellulose chain in the native microfibril, implying an extended chain model for the cellulose crystals, whereas adjacent chains in regenerated or mercerized cellulose are antiparallel2-7). It seems that parallel packing is true for Valonia cellulose as a special case, but there has been a doubt as to whether this packing is applicable to other native cellulose such as cotton, flax, ramie or bacterial cellulose'). Blackwell has suggested that polarity change would happen by interdigitation of parallel sheets of T-416
(110) plane in a course of mercerization of Valonia cellulose. This change should involve crystalographical change of (110) to (020) in the lattice of cellulose II. The rearrangement is impossible during mercerization of native cellulose because the selective uniplanar orientation of (110) plane is kept during and after mercerization9, 10 On the other hand, Chanzy observed the fibrous mercerization of Valonia cellulose microfibrils involving an extensive, transient, "shish-kebab" lamellar crystallization in which lamellae contain cellulose II recrystallized by epitaxial growth on the backbone of the cellulose I microfibril") They suggested that the cellulose II part of the mercerized microfibrils might be obtained after dissolution or swelling in alkali followed by recrystallization during subsequent washing, and also suggested the possibility of chain back-folding and change in chain polarity in Valonia cellulose. Although "shish-kebab" formation of lamellar cellulose II certainly takes place in Valonia cellulose microfibrils in which defects have been created by acid hydrolysis, no similar changes take place during the straight-forward conversion of cotton or bacteria] cellulose I to cellulose II by 18% NaOH at room temperature 11,13) The fibrous mercerization of cellulose by the "shish-kebab" mechanism would seem to depend on creation of initial defects by prior degradation of the microfibril and therefore this mechanism is not applicable to the ordinary conversion of cellulose I to cellulose II.
We have concluded that the difference between cellulose I and cellulose II is due to the chain conformation, that is, the former is bent form while the latter is bent and twisted form, and also suggested that the mechanism of mercerization of cellulose involves the sliding of (020) sheets of chain from one potential minimum to another. This sliding does not involve changes in the original polarity of the cellulose chains or require the solution of the cellulose. This mechanism may be applied equally well to those types of native cellulose with an antiparallel structure and to those with parallel structure like Valonia. The present suggestion does not repudiate or invalidate previous ideas of conformational change taking place during mercerization. It simply broadens and extends our understanding of the cause of such a conformational change at molecular level, The purpose of the present study is to give an additional insight into the chain polarity problem and to show some circumstantial and direct evidences that the chain polarity of cellulose I is identical to that of cellulose II. 
Results and Discussion
Retention of (110) Selective Uniplanar Orientation of Bacterial Cellulose during Mercerization Process.
A bacterial cellulose membrane dried on a glass plate resulted in having a preferential orientation, i.e., selective uniplanar orientation with respect to the membrance surface ( Fig. 1 ).
When the water of swollen never-dried membranes was substituted for 18% NaOH, vigorous shrinkage of the membranes occurred.
This shrinkage appears to be due to loss of a large amount of water from cellulose hydrogel to give cellulose T-418 SEN-I GAKKAISHI (1:610 (48) xerogel and to the change to the mercerized form. However, even when the sample was allowed to contract freely upon mercerization, it kept a selective uniplanar orientation. If the membrane was first dried on a glass plate and then treated with 18% NaOH, it shrank to only about twothirds of its former width and length, with a slight increase in thickness (Fig. 2) . Anyhow this process tends to retain the original selective uniplanar orientation10). On the other hand, both ends of a flat strip of the never-dried membrane were clamped to a glass plate in order to prevent the shrinkage by mercerization. This process produces a biaxially oriented sheet of regenerated cellulose, cellulose II9). It is clear that the selective uniplanar orientation of (110) plane of original bacterial cellulose is kept during and after mercerization to provide cellulose II pattern. If the change in chain polarity of cellulose happens in the course of mercerization, it will be difficult that the orientation is to be retained. It is significant to note that the (110) plane of cellulose, in its influence on the type of orientation obtained, appears to play an important role in the action of intracrystalline swelling agents and complex or derivative reactants. The (110) plane is mostly occupied by hydroxyl groups. It is also the plane whose lattice constant and sharpness of diffraction line is always affected first when cellulose is exposed either to intracrystalline swelling agents such as sodium hydroxide, or to chemical substitution reactions in fiber form by acetylation and nitration. Shift of position, line broadening, or decrease in total intensity of the (110) plane usually precedes the changes of the (110) and (020) planes. Therefore, these results suggested that the elementary structure unit of cellulose could be interpreted to be a sheet-like structure consisting of the (110) (Fig. 3) . Polarizing microscopic evidence indicates that the cellulose microfibrils or molecules in the spherulites are mostly radially oriented"). X-ray diffractogram of air-dried spherulite shows essentially the same pattern of native cellulose, cellulose I. When the air-dried or never-dried spherulities were immersed in 18% NaOH, drastical shrinkage of At least, it seems that parallel arrangement is not necessarily a correct structure for CTA 1. In our previous papers 21, 26) , the main distinction between CTA I and CTA II are not the matter of chain polarity, but of the orientation of acetyl groups and of the chain packing. The crystal structure of CTA I is based on the sheet-like structure of (110) plane of the original cellulose, which is densely packed by methyl or carbonyl groups. The shape of CTA I lattice markedly resembles that of cellulose II, whereas the chain packing within the sheet is similar to that of cellulose I. On the other hand, the crystal structure of CTA II is also basically a sheet-like structure, but van der Waals contacts T-420 Recrystallization of Amorphous Cellulose from Native Cellulose, Wood Pulp to Cellulose II. The x-ray diffractograms of the original cellulose, wood pulp and the cellulose milled for 100min are shown in Fig. 7 . The original one is crystalline (Fig. 7A) , but the milled one is completely amorphous (Fig. 7B) . Figure 7C , D and E show patterns of those recrystallized with distilled water or 1 to 3% NaOH for 24hr at room temperature. They give a pattern of cellulose II unambiguously. The mechanical milling was performed with a vibratory rod mill lined with tungsten carbide. The milling produced a very small sized particles and reduced crystallinity progressively to give a completely amorphous state as judged from the absence of crystalline diffraction peaks. At an early stage of the milling, the sample was partially decrystallized. Then it was recrystallized to cellulose I with water or 1% NaOH. In contrast to it, completely decrystallized, amorphous sample was recrystallized to cellulose II by the same treatment. Therefore the former was degraded to keep the sheet structure of cellulose I, and the latter was completely decrystallized to give the chain packing of cellulose II. So it is difficult to reverse the chain or to attain antiparallel arrangement from parallel one in the course of the milling. The patterns of hydrolyzates are mainly governed by the form of chain packing in the cellulose I family, whereas they are governed by the chain conformation in the cellulose II family. Especially, cellulose III, shows unusual behavior in the cellulose I family. This is the reason why the hydrogen bonding system in cellulose III, is a specific form as compared with those of others.
TEM Observation of LODP Cellulose Reacted with Hydrazine. In order to get a direct evidence to solve for the chain polarity problem of cellulose, TEM observation of LODP cellulose reacted with hydrazine was carried out. The hydrazine method is generally used for the determination of carbonyl group in hydrocelluloses, which is quite suitable for low carbonyl values. The model reaction with hydrazine and acetone is shown in Fig. 9 . In this case, the theoretical amount of hydrazine needed is a half mole of acetone reacted. The first step of reaction yields a hydrazone, and then finally produce adine form. From the point of view, levelling-off DP (LODP) cellulose (DP = 200) which was prepared by H2 SO, hydrolysis was subjected to the reaction. The LODP cellulose has a carbonyl group per one reducing end. Therefore if the microfibril of LODP cellulose has a parallel chain, the reaction would be stopped by dimerization as shown in Fig. 10 . In contrast with the parallel chain, the antiparallel chain would continue to react with hydrazine until the theoretical amount is consumed (Fig. 10) . The resulting morphology would be expected to be greatly different each other. In the antiparallel case, it would be expected T-422 that a long microfibril is observed such as a repolymerized product. A couple of electron micrographs are shown in Fig. 11 and 12 . Characteristic microfibrils of the LODP cellulose were observed with uniform width and length of about 200A and over 2000A, respectively (Fig. 11) . On the other hand, the shape of reacted microfibril was long but irregular in its pattern (Fig. 12) . Although there is some problem to prepare a specimen for TEM, the possibility of antiparallel arrangement in ramie cellulose is apparent from the micrographs.
Mechanism of Transition from Cellulose I to
Cellulose II during Mercerization.
In the previous sections, it has been suggested that the mechanism The mechanism may be applied equally well to those types of native cellulose with an antiparallel structure and to those with parallel structure. 
